The Surgical Care Improvement Project (SCIP) established surgical antibiotic prophylaxis guidelines as part of a national patient safety initiative aimed at reducing surgical complications such as surgical site infection (SSI). Although these antibiotic prophylaxis guidelines have become well established in surgical patients, they remain largely unstudied in patients with injury from trauma undergoing operative procedures. We sought to determine the role of these antibiotic prophylaxis guidelines in preventing SSI in patients undergoing trauma laparotomy.
P
rophylactic antibiotic use has become commonplace in both surgical literature and practice due in part to a mandate from the Centers for Medicare and Medicaid Services in the form of the Surgical Care Improvement Project (SCIP). This evidence-based initiative targeted a 25% reduction in elective surgical complications such as surgical site infection (SSI) by 2010. 1 A cornerstone of the SCIP guidelines focused on SSI prevention is not only the provision of prophylactic antibiotics but also the administration of the appropriate prophylactic antibiotic within 1 hour before elective surgical incisions and cessation of the antibiotic within 24 hours of surgery. 2 The efficacy of the SCIP measures remains unclear. There is evidence that the implementation of SCIP-based antibiotic guidelines is associated with lower rates of SSI in areas such as general, laparoscopic, and colorectal surgeries. 2, 3 Other authors have questioned the true validity of these findings using large outcomes-based data sets. 4, 5 The individual SCIP measures have evolved from the best-known data in elective surgical and semiurgent general surgical procedures but remain unstudied in the population with injury from trauma. As such, the role of this widespread performance improvement initiative in the care of patients with injury from trauma is unknown. Our primary study objective was to demonstrate that SCIP antibiotic prophylaxis guideline compliance would reduce SSI after trauma laparotomy.
METHODS
Cooper University Hospital in Camden, New Jersey, and Temple University Hospital in Philadelphia, Pennsylvania, are busy urban Level I trauma centers. Institutional review board approval was granted at both hospitals, and a retrospective study was performed on all patients who underwent emergent laparotomy (within 2 hours of emergency department arrival) as a result of injury from trauma during 2007 and 2008 at these two centers. Patients between the ages of 18 and 100 years old were included, whereas patients who died before the fourth day EAST 2012 PLENARY PAPER of hospital admission were excluded. Our study hypothesis was that adherence to SCIP antibiotic prophylaxis guidelines would decrease the risk of SSI in patients undergoing trauma laparotomy. The primary end point of the study was any SSI (superficial, deep, or organ/space) documented in the medical record by an attending physician as indicated by physical examination, reopening of laparotomy incision, isolation of an organism from the wound, or infection of the deep or organ space as evident by computed tomography or subsequent operation.
Studied demographic and clinical variables included age, mechanism of injury, and body mass index. Comorbidities such as diabetes and tobacco use were noted, as were preoperative and intraoperative physiologic variables including hypotension (systolic blood pressure G 90 mm Hg), tachycardia, and transfusion requirements (crystalloid and blood products). Injury severity score (ISS) was used to grade severity.
The primary study variable was compliance with SCIP antibiotic guidelines. Patients were considered ''SCIP-compliant'' if all four of the following criteria were fulfilled: (1) prophylactic antibiotic given before laparotomy, (2) antibiotic initiated within 60 minutes before laparotomy incision, (3) correct antibiotic administration (as detailed below), and (4) discontinuation of antibiotic therapy within 24 hours of the completion of index surgery. Antibiotics were considered ''correct'' based on the injuries found at laparotomy and 2007 SCIP recommendations. 6 Specifically, injuries limited to solid organ or soft tissue (i.e., liver, spleen, abdominal wall) necessitated preoperative administration of cefazolin, clindamycin, or vancomycin, whereas hollow viscera injuries required the administration of cefoxitin, ampicillin/sulbactam, or metronidazole combined with ciprofloxacin or cefazolin. Choice of antibiotics was based on institution-specific guidelines. Cooper University Hospital guidelines used cefoxitin as prophylaxis for patients undergoing laparotomy after a penetrating injury, whereas Temple University Hospital used cefazolin and metronidazole. Both institutions used cefazolin as first-line prophylaxis in patients with injury from blunt trauma without suspected hollow viscous injury.
Data were reported as percentages and means (SDs). Categorical variables were compared using the W 2 test, and continuous variables were analyzed with Student's t test. Variables found to be statistically different on univariate analysis were entered into a multiple variable logistic regression. Patient age was forced into the final model because of the known association of advanced age and SSI. 7 In addition, hospital site was used in the final regression to adjust for unrecognized practice variation that might have occurred between hospitals. The final model adjusted for age, hospital, ISS, preoperative hypotension, intraoperative blood transfusions, total operative time, enteric injuries, and damage control surgery. All regressions were performed using SPSS version 19.0 (SPSS, Inc, Chicago, IL). All comparisons were two-sided, and tests were considered significant if p G 0.05.
RESULTS
Three hundred six patients underwent laparotomy for injuries from trauma and survived at least 4 days at both study institutions. Mean (SD) age was 32.3 (15.9) years, and 82.7% were men (Table 1) . Mean (SD) ISS was 14.8 (11.2), and injuries from penetrating causes were more common than those from blunt (gunshot 43.5%, stab 26.8%, and blunt 29.4%). Among the 306 included patients, 151 (49.3%) were treated with prophylactic antibiotic regimens that were in complete accordance with SCIP recommendations. Of the 155 nonYSCIP-compliant patients, 55.1% were given either no prophylaxis or incorrect antibiotics before laparotomy, 45.8% of patients received antibiotics outside the recommended initiation period, and 53.8% were given prophylactic antibiotics for more than 24 hours after surgery. Fifty-eight patients (37.4%) were treated with prophylactic antibiotic regimens that violated at least two of the four SCIP guidelines.
When SCIP-compliant and nonYSCIP-compliant patients were compared ( 19 .4%, p = 0.001). When nonYSCIP-compliant patients with enteric injuries were analyzed alone (n = 81), 60.6% of them failed SCIP criteria with antibiotic prophylaxis continued for more than 24 hours.
Adherence to the four measured SCIP antibiotic guidelines influenced the development of postoperative SSI. Although 16.6% of SCIP-compliant patients developed SSI, 32.9% of nonYSCIP-compliant patients developed SSI after laparotomy (p G 0.001; Fig. 1 
DISCUSSION
Establishing guidelines for prophylactic antibiotic use in trauma remains challenging. This is due, in part, to the heterogeneity of injuries caused by trauma, both in mechanism and patient risk factors. Our data suggest that a prophylactic antibiotic strategy from the general surgery literature is associated with lower rates of SSIs among patients with injuries from trauma. This is important because standardized trauma care and performance improvement remain important goals in growing our trauma systems. 8, 9 Satisfaction of the individual antibiotic measures within this research study is below the national, and many individual programs, compliance rates. 4, 10, 11 This should be expected because these specific measures have not yet been proposed in the care of patients with injuries from trauma. This leaves much to be learned from the 155 patients who were treated outside the SCIP guidelines.
Since the work of Fullen and colleagues in the 1970s, the administration of preoperative antibiotics has played an important role in preventing SSIs. In addition, this dose is most effective when administered within one hour before the skin incision. 12, 13 In our sample, 10% of the nonYSCIP-compliant patients received prophylactic antibiotics greater than 1 hour before surgical exploration. Although we were unable to detail why this occurred, it is reasonable to surmise that diagnostic testing and possibly some interventions extended the time from initial presentation to operative intervention. It is possible that withholding the administration of antibiotics until a better understanding of the patient's course, rather than reflexively administering prophylaxis in the trauma bay, could lead to more timely administration of medications and a reduction in postoperative wound infections.
There is ample evidence demonstrating no difference between single and multiagent antimicrobial regimens. 14, 15 Some authors have suggested that coverage be extended to cover both aerobes and anaerobes. 16 Therefore, the appropriate antibiotic choice remains important. In our study, 55.1% of nonYSCIP-compliant patients received inadequate coverage based on the injuries found at the time of operation. The most common error was administration of cefazolin to patients found to have hollow visceral (specifically colon) injuries.
We also show that patients with injuries from trauma continue to receive prophylactic antibiotics beyond the recommended 24 hours. Eighty-four patients (53.9%) in the nonYSCIP-compliant group were treated with prophylactic antibiotics beyond 24 hours. At present, there are no Level I recommendations regarding the use of prophylactic antibiotics in patients with penetrating abdominal trauma. 17 However, there is good evidence to support the early cessation of antibiotics as described in the EAST Practice Management Guidelines. 18 In our sample, enteric injuries were associated with prolongation of prophylactic antibiotics beyond 24 hours (38.6% vs. 19.4%, p = 0.001). This practice is not supported by the surgical literature and it is an important focus of antibiotic stewardship for clinicians who choose to initiate prophylactic therapies.
19Y21
Standardized trauma care and performance improvement remain important goals in growing our trauma systems. 8, 9 Effective antibiotic guidelines that transcend trauma systems would mark a significant step towards more universal trauma care programs. Our data represent patients from two independent health care systems. Adherence to the SCIP measures remained a significant factor (p = 0.035) associated with lower wound infection rates, even after adjusting for hospital system. These data also reinforce the notion that simple treatment guidelines can have dramatic effects on global aspects of care. We show that parsimonious prophylactic antibiotic use is associated with significantly shorter ICU and hospital lengths of stay among patients with injuries from trauma undergoing laparotomy. This was true despite equal rates of comorbidities such as obesity, diabetes, and tobacco use. Although we were unable to capture hospital costs, it seems reasonable to assume that fewer days of antibiotic therapy combined with the need for less intensive therapies and a shorter hospital length of stay could translate into a significant reduction in hospital expenditures.
We were limited by the flaws of any retrospective study. Although there were no defined protocols for documentation of SSIs at the time the records were being generated, we reviewed the records in detail to fully capture these events. Also, it is possible that SSI rates were influenced by both the greater ISS and enteric injuries rates of the non-SCIP group. However, we have controlled for the ISS and enteric injury statistical differences in our multivariable logistic regression model and found that adherence to SCIP prophylaxis guidelines independently decreased the rate of SSI in our patients who underwent trauma laparotomy.
In conclusion, we have shown that a significant proportion of patients undergoing trauma laparotomy are treated with prophylactic antibiotic regimens that are in compliance with SCIP recommendations for elective surgery. Although the benefit of the SCIP antibiotic prophylaxis guidelines has not been realized in elective surgical patients, our injured patients are a particularly high-risk group in which adherence to these four simple SCIP guidelines alone has markedly decreased the risk of SSI. The addition of randomized prospective data is needed to validate the SCIP recommendations in the care of patients with injuries from trauma. Our data suggest that these national quality measures could serve as useful markers for performance improvement in trauma.
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